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insulating layer configured to insulate the conductor wires
from the antenna pattern 1s provided between a first end and
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1

ANTENNA DEVICE AND COMMUNICATION
TERMINAL APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna device pret-
erably for use 1n a non-contact communication system, for
example, an NFC (near field communication) system, and a
communication terminal apparatus including the antenna
device.

2. Description of the Related Art

Recently, an antenna device for use in a non-contact
communication system using a band of 13.56 MHz is
incorporated 1 a portable terminal. In such an antenna

device, as disclosed 1n Japanese Patent Laid-Open Publica-
tion No. 2013-13144, Japanese Patent Laid-Open Publica-

tion No. 2008-205557 and Japanese Patent No. 4218635, a
coil pattern spiraling on a plane i1s used as an antenna.

In order to connect both ends of the coil pattern spiraling
on a plane to other circuits, normally, either of the ends 1s led
to the outside through a via-hole conductor because it 1s
necessary to insulate the ends from each other. However, 1t
takes time and labor to form a wvia-hole conductor 1mn a
substrate, and the formation of a via-hole conductor com-
plicates a manufacturing process.

There 1s a demand for an antenna device that can avoid
degradation of the antenna characteristics. More particu-
larly, in a case where a magnetic member, which 1s a
component of an antenna device, 1s a sintered body, preven-
tion of cracks of the sintered body 1s demanded 1n order to
prevent degradation of the antenna characteristics. Also, 1t 1s
demanded that an antenna device keeps good antenna char-
acteristics even when the antenna device 1s located at a
shorter distance from a communication counterpart, for
example, another antenna.

As for an antenna device, further, the following features
are required. A magnetic field generated from an antenna
pattern 1s prevented from propagating to other conductor
wires. In a bending process, the conductor wires easily bend,
and stress concentration 1s avoided. Wiring disconnection 1s
avoided, and connection reliability 1s 1mproved. The
strength 1s 1mproved.

SUMMARY OF THE INVENTION

Preferred embodiments of the present invention provide
an antenna device that can be manufactured without forma-
tion of a via-hole conductor and that 1s wired simply for
connection to an external device, and a communication
terminal apparatus.

An antenna device according to a first aspect of various
preferred embodiments of the present invention includes a
first insulating base portion including a spiral antenna pat-
tern including a first end and a second end; and a second
insulating base portion including at least two conductor
wires; wherein an insulating layer configured to msulate the
conductor wires from the antenna pattern 1s provided
between the first end and the second end of the antenna
pattern 1n a planar view; the conductor wires include elec-
trode portions electrically and mechanically connected to the
first end and the second end, respectively, of the antenna
pattern by a conductive material; the insulating layer
includes a cut or an opening configured such that, before the
conductor wires are connected to the antenna pattern, at least
one of the first end and the second end of the antenna pattern
1s exposed toward the conductor wires through the cut or the
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2

opening; the conductor wires are connected to the antenna
pattern by the conductive material in the cut or the opening
of the sulating layer; and the second insulating base
portion 1s more tlexible than the first insulating base portion.

A communication terminal apparatus according to a sec-
ond aspect of various preferred embodiments of the present
invention includes the antenna device described above:; and
a printed wiring board including at least a noise {filtering
section and a matching section; wherein at least one of the
conductor wires included in the second insulating base
portion 1s connected to the noise filtering section or the
matching section.

In the antenna device according to the first aspect of
various preferred embodiments of the present invention, the
first end and the second end of the antenna pattern included
in the first insulating base portion are electrically and
mechanically connected to the electrode portions of the
conductor wires included in the second insulating base
portion. Accordingly, 1t 1s possible to manufacture the
antenna device without using via holes. Also, since the
second 1nsulating base portion has excellent flexibility,
simple wiring 1s possible.

In such an antenna device, 1n order to prevent degradation
of the antenna characteristics, it 1s preferred to nhibit a
magnetic field generated by a coil pattern functioning as an
antenna from being oflset by lead wires. In a case where a
sintered body of a magnetic matenial 1s located near the
antenna, 1t 1s necessary to configure and arrange the sintered
body 1n consideration of the possibility of breakage of the
sintered body.

Thus, an antenna device that prevents degradation of the
antenna characteristics by inhibiting a magnetic field gen-
crated by an antenna pattern from being offset by a magnetic
field generated by lead wires 1s demanded.

Also, an antenna device that can diminish the risk of
breakage of a sintered body of a magnetic material located
near the antenna pattern, thus resulting 1n an improvement of
the antenna characteristics, and significantly reduces or
prevents breakage of the sintered body on the communica-
tion performance 1s demanded.

An antenna device according to a third aspect of various
preferred embodiments of the present invention includes a
first insulating base portion including a spiral antenna pat-
tern including a first end and a second end; and a second
insulating base portion including at least two conductor
wires; wherein the two conductor wires are electrically
connected to the first end and the second end, respectively
of the antenna pattern; and 1n an outermost portion of the
spiral antenna pattern and in one of the conductor wires
closest to the outermost portion of the antenna pattern,
currents tlow 1n the same direction.

In such an antenna device, the outermost portion of the
spiral antenna pattern 1s configured to determine the antenna
characteristics to a great degree. In the antenna device
according to the third aspect, since currents flow 1n the same
direction 1n the outermost portion of the antenna pattern and
in the one of the conductor wires located closest to the
outermost portion of the antenna pattern, a magnetic field
generated from the outermost portion of the antenna pattern
1s not oflset by a magnetic field generated from the conduc-
tor wire closest thereto, and degradation of the antenna
characteristics 1s prevented.

An antenna device according to a fourth aspect of outer-
most part the present invention includes a first nsulating
base portion including a spiral antenna pattern including a
first end and a second end; a second insulating base portion
including at least two conductor wires; and a magnetic
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member located between the first insulating base portion and
the second 1nsulating base portion; wherein the two conduc-
tor wires are electrically connected to the first end and the
second end, respectively, of the antenna pattern; and 1n an
outermost portion of the spiral antenna pattern and 1n one of
the conductor wires closest to the outermost portion of the
antenna pattern, currents tlow 1n opposite directions.

In the antenna device according to the fourth aspect, since
the magnetic member 1s located near the antenna pattern, the
magnetic field around the antenna pattern 1s strengthened.
Also, since currents flow in opposite directions in the
outermost portion of the spiral antenna pattern and 1n one of
the conductor wires closest to the outermost portion of the
antenna pattern, there 1s no possibility that a magnetic field
generated from the outermost portion of the antenna pattern
and a magnetic field generated from the conductor wire
closest thereto flow 1n the same direction 1nside the magnetic
member, and degradation of the antenna characteristics 1s
prevented.

An antenna device according to a {ifth aspect of outermost
part the present invention includes a first insulating base
portion including a spiral antenna pattern imncluding a first
end and a second end; a second insulating base portion
including at least two conductor wires; and a magnetic
member located between the first insulating base portion and
the second 1nsulating base portion; wherein the two conduc-
tor wires are electrically connected to the first end and the
second end, respectively, of the antenna pattern; the mag-
netic member includes a sintered body of a magnetic mate-
rial and a supporting sheet stuck on the sintered body of the
magnetic material, the sintered body being located on a side
of the first insulating base portion, and the supporting sheet
being located on a side of the second insulating base portion.

In the antenna device according to the fifth aspect, since
the supporting sheet 1s stuck on the sintered body of the
magnetic material, the sintered body does not break easily.
Since the sintered body 1s located on a side of the first
insulating base portion (that 1s, located on a side of the
antenna pattern), the magnetic flux density of the antenna
pattern 1s increased, and the antenna characteristics are
improved.

An antenna device according to a sixth aspect of various
preferred embodiments of the present invention includes a
first insulating base portion including a spiral antenna pat-
tern 1ncluding a first end and a second end; a second
insulating base portion including at least two conductor
wires; and a sintered body of a magnetic material located
between the first msulating base portion and the second
insulating base portion; wherein the two conductor wires are
clectrically connected to the first end and the second end,
respectively, of the antenna pattern; slits are provided 1n the
sintered body 1n a matrix such that in an area near the
antenna pattern, and the slits extend parallel or substantially
parallel to the direction of a magnetic flux generated from
the antenna pattern.

In the antenna device according to the sixth aspect, in
consideration of the fragility of the sintered body of the
magnetic material, slits are preliminarily made in the sin-
tered body. In an area near the antenna pattern, the slits
extend parallel or substantially parallel to the direction of a
magnetic flux generated from the antenna pattern. Therefore,
the slits do not block the magnetic field generated from the
antenna pattern, and a reduction 1n the magnetic permeabil-
ity 1s prevented.

An antenna device according to a seventh aspect of
various preferred embodiments of the present mvention
includes a first insulating base portion including a spiral
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4

antenna pattern including a first end and a second end; a
second insulating base portion including at least two con-
ductor wires; and a sintered body of a magnetic material
located between the first insulating base portion and the
second 1nsulating base portion; wherein the two conductor
wires are electrically connected to the first end and the
second end, respectively, of the antenna pattern; and slits are
provided 1n the sintered body 1n a matrix except for an area
near the antenna pattern.

In a case where a sintered body 1s stuck on the first
insulating base portion, 1t 1s likely that the widths of the slits
may change, which results in a change in the permeability.
In the antenna device according to the seventh aspect, 1n the
area near the antenna pattern, the slits in a matrix are not
provided. Therefore, in the area near the antenna pattern, 1t
1s unlikely that the widths of the slits change, and a reduction
in the permeability 1s prevented.

An antenna device according to an eighth aspect of
various preferred embodiments of the present invention
includes a first insulating base portion including a spiral
antenna pattern; and a second nsulating base portion includ-
ing at least two conductor wires, each of the conductor wires
including a first end connected to the antenna pattern and a
second end connected to an external connection terminal:;
wherein, when viewed along an axis of a spiral of the
antenna pattern, the conductor wires overlap with the
antenna pattern; and in the overlapping portion of the
antenna pattern and the conductor wires, a magnetic sheet 1s
provided between the antenna pattern and the conductor
wires.

In the antenna device according to the eighth aspect, since
the magnetic sheet 1s provided between the antenna pattern
and the conductor wires, a magnetic field generated by the
antenna pattern 1s prevented from propagating to the con-
ductor wires, and degradation of the antenna characteristics
1s prevented. It 1s preferred that the magnetic sheet covers
the coil open portion of the antenna pattern. Also, 1t 1s
preferred that the second insulating base portion 1s located
within the outer edge of the first insulating base portion
when viewed along the axis of spiral of the antenna pattern.
Accordingly, the antenna device 1s capable of being signifi-
cantly reduced 1n size.

Further, it 1s preferred that the portion of the second
antenna insulating base portion where the conductor wires
are connected to the antenna pattern 1s thinner than the
portion of the second antenna insulating base portion where
the external connection terminals are provided. The thinner
portion 1s more flexible and bends more easily, and breakage
of the conductor wires i1s reliably prevented. Also, the
second insulating base portion 1s preferably a laminate of
insulating base plates, and the conductor wires are prefer-
ably located between the insulating base plates. In the
structure, the conductor wires are protected effectively, and
the conductor wires are prevented from coming ofl from the
insulating base plates.

Further, the second insulating base portion 1s preferably
thinner than the first insulating base portion. The first
insulating base portion preferably includes a magnetic sheet
and a first msulating base including an antenna pattern
thereon, and the first 1nsulating base is preferably thinner
than the second insulating base portion. Thus, the second
insulating base portion 1s more tlexible than the first 1nsu-
lating base portion, and bending of the second insulating
base portion 1s easy. By reducing the thickness of the first
insulating base, on which the antenna pattern 1s provided,
the distance between the antenna pattern and a communi-
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cation counterpart, for example, an antenna, becomes
shorter, and the communication performance 1s 1improved.

An antenna device according to a minth aspect of various
preferred embodiments of the present invention includes a
first insulating base portion including a spiral antenna pat-
tern; and a second 1nsulating base portion including at least
two conductor wires, each of the conductor wires including,
a first end connected to the antenna pattern and a second end
connected to an external connection terminal; wherein the
first 1nsulating base portion includes a first insulating base
on which the antenna pattern 1s provided; and the first
insulating base 1s thinner than the second insulating base
portion.

In the antenna device according to the ninth aspect, since
the first insulating base 1s thinner than the second insulating
base portion, the distance between the antenna pattern and a
communication counterpart, for example, an antenna 1is
short. Accordingly, the antenna device has improved com-
munication performance. The flexible first insulating base
tollows the shape of an article to which the antenna device
(first insulating base) 1s stuck, for example, a case. Further,
the risk of displacement and/or breakage of the conductor
wires 1s eliminated.

The second nsulating base portion preferably includes a
second sulating base including the conductor wires
thereon, and the first msulating base and the second 1nsu-
lating base are preferably made of the same matenal. In a
case where the first insulating base and the second insulating
base are made of the same matenal, it 1s unlikely that stress
due to the difference 1n coeflicient of thermal expansion
occurs on the connection portion between the first insulating
base and the second insulating base. It 1s preferred that a
magnetic sheet 1s stuck on the first insulating base except for
connection portions between the antenna pattern and the
respective conductor wires. The magnetic sheet 1s preferably
arranged such that the antenna pattern 1s sandwiched
between the magnetic sheet and the first insulating base. The
provision of the magnetic sheet results 1n effective protec-
tion of the antenna pattern.

It 1s preferred that the line widths of at least the portions
of the conductor wires connected to the antenna pattern are
greater than the line width of the antenna pattern. With this
arrangement, wire disconnection 1s unlikely to occur on the
connection portions between the antenna pattern and the
respective conductor wires, and the connection reliability 1s
improved.

In an antenna device according to a tenth aspect, the
external connection terminals of the conductor wires are
drawn to a front surface and/or a back surface of the second
insulating base portion through interlayer connection con-
ductors. By applying a heating member, for example, a
heater bar to the external connection terminals drawn to
either the front surface or the back surface of the second
insulating base portion, the external connection terminals
located on the opposite side of the second insulating base
portion are connected to lands on a printed wiring board.
Alternatively, by applying a heating member to the external
connection terminals exposed on either the front surface or
the back surface of the second insulating base portion, the
external connection terminals exposed on the opposite side
of the second isulating base portion are connected to lands
on a printed wiring board.

According to various preferred embodiments of the pres-
ent 1nvention, 1t 1s possible to manufacture an antenna device
without forming a wvia-hole conductor, and the antenna
device has simple wiring for connection to an external
device.
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According to various preferred embodiments of the pres-
ent mvention, also, a magnetic member hardly breaks, and
cven 1I the magnetic material breaks, the breakage has no
cllects or only negligible eflects on the antenna character-
1stics.

The above and other elements, features, steps, character-
istics and advantages of the present invention will become
more apparent from the following detailed description of the
preferred embodiments with reference to the attached draw-
Ings.

BRIEF DESCRIPTION OF TH.

L1l

DRAWINGS

FIG. 1 1s an exploded view of an antenna device accord-

ing to a first preferred embodiment of the present invention.
FIGS. 2A and 2B are sectional views of the antenna

device, FIG. 2A illustrating the antenna device in a disas-

sembled state, and FIG. 2B illustrating the antenna device 1in
an assembled state.

FIG. 3 1s a sectional view indicating another shape of an
antenna pattern.

FIG. 4 1s a plan view illustrating a step of a manufacturing
process ol the antenna device.

FIG. 5 15 a plan view 1llustrating another connection form
between the antenna pattern and a conductor wire.

FIG. 6 1s a plan view 1illustrating still another form of
connecting the antenna pattern to a conductor wire.

FIG. 7 1s a plan view of a communication terminal
apparatus 1llustrating a first exemplary form of incorporation
ol the antenna device 1n the communication terminal device.

FIG. 8 15 a circuit diagram of a portion of the communi-
cation terminal device.

FIG. 9 1s a perspective view ol an antenna device accord-
ing to a second preferred embodiment of the present inven-
tion.

FIG. 10 1s a plan view of a communication terminal
apparatus 1llustrating a second exemplary form of incorpo-
ration of the antenna device 1n the communication terminal
device.

FIG. 11 1s a plan view of a communication terminal
apparatus 1llustrating a third exemplary form of incorpora-
tion of the antenna device in the communication terminal
device.

FIG. 12 1s a perspective view ol an antenna device
according to a third preferred embodiment of the present
invention.

FIG. 13 1s a perspective view ol an antenna device
according to a fourth preferred embodiment of the present
invention.

FIGS. 14A and 14B are sectional views of an antenna
device, illustrating a first example of remnforcement of
connection portions.

FIGS. 15A through 15D 1illustrate a process of forming a
though hole.

FIG. 16 1s a sectional view of the antenna device, 1llus-
trating a second example of reinforcement of connection
portions.

FIG. 17 1s a sectional view of the antenna device, 1llus-
trating a third example of reinforcement of connection
portions.

FIG. 18 1s a sectional view of the antenna device, 1llus-
trating a fourth example of reinforcement ol connection
portions.

FIG. 19 1s a sectional view of the antenna device, 1llus-
trating a fifth example of reinforcement of connection por-
tions.
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FIG. 20 1s a perspective view ol an antenna device
according to a fifth preferred embodiment of the present
invention.

FIG. 21 1s a plan view of the antenna device according to
the fifth preferred embodiment of the present invention.

FIG. 22 1s a sectional view of the antenna device illus-
trated i FIG. 21

FIG. 23 1s a perspective view ol an antenna device
according to a first modification to the fifth preferred
embodiment of the present invention.

FIG. 24 1s a perspective view ol an antenna device
according to a second modification to the fifth preferred
embodiment of the present invention.

FIG. 25 1s a sectional view of the antenna device illus-
trated in FIG. 24.

FIG. 26 1s a sectional view of an interlayer connection
conductor.

FI1G. 27 1s a sectional view of an antenna device according
to a third modification to the fifth preferred embodiment of
the present ivention.

FI1G. 28 1s a sectional view of an antenna device according,
to a fourth modification to the fifth preferred embodiment of
the present invention.

FIG. 29 1s a perspective view ol an antenna device
according to a sixth preferred embodiment of the present
invention.

FIG. 30 1s a sectional view of the antenna device illus-
trated in FIG. 29.

FIG. 31 1s a perspective view ol an antenna device
according to a seventh preferred embodiment of the present
invention.

FI1G. 32 1s a plan view of the antenna device according to
the seventh preferred embodiment of the present invention.

FIG. 33 1s a sectional view of the antenna device illus-
trated i FIG. 32.

FI1G. 34 1s a sectional view of an antenna device according,
to a first modification to the seventh preferred embodiment
of the present invention.

FI1G. 35 1s a sectional view of an antenna device according,
to a second modification to the seventh preferred embodi-
ment of the present mnvention.

FIG. 36 1s a sectional view of an antenna device according,
to a third modification to the seventh preferred embodiment
ol the present invention.

FI1G. 37 1s a sectional view of an antenna device according
to a fourth modification to the seventh preferred embodi-
ment of the present invention.

FI1G. 38 1s a sectional view of an antenna device according,
to a fifth modification to the seventh preferred embodiment
of the present invention.

FIG. 39 1s a sectional view of the antenna device illus-
trated in FIG. 38.

FIG. 40 1s a perspective view ol an antenna device
according to an eighth preferred embodiment of the present
invention.

FIG. 41 1s a sectional view of the antenna device illus-
trated 1n FI1G. 40.

FIG. 42 1s an exploded perspective view of an antenna
device, 1illustrating a first example of the position and the
configuration of a ferrite sintered body.

FIG. 43 1s a sectional view of the antenna device illus-
trated 1n FIG. 42.

FIG. 44 1s a plan view of an antenna device, 1llustrating
a second example of the position and the configuration of a
territe sintered body.

FIG. 45A 1indicates sectional views of an antenna device,
illustrating a third example of the position and the configu-
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ration of a ferrite sintered body, and FIG. 45B indicates
sectional views of an antenna device, 1llustrating a compara-
tive example of the position and the configuration of a ferrite
sintered body.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

Antenna devices and communication terminal appara-
tuses according to some preferred embodiments of the
present invention are hereinafter described with reference to
the drawings. In the drawings, the same components and
clements are 1dentified with the same reference symbols, and
descriptions of the same components and elements are not
repeated.

First Preferred Embodiment

An antenna device 1 according to a first preferred embodi-
ment of the present invention illustrated 1n FIG. 1 1s pret-
erably for use in an NFC system of an HF band, an RFID
system or the like, for example. The antenna device 1
preferably includes a first msulating base portion A and a
second 1nsulating base portion B. The first mnsulating base
portion A includes a first msulating base 10, an antenna
pattern 15, an insulating adhesive layer 20, and a ferrite
sheet 25. The antenna pattern 15 1s configured to spiral on a
main surface of the first insulating base 10 with 1ts first end
15a and 1ts second end 155 located on the main surface. The
ferrite sheet 25 1s a magnetic sheet. The second insulating
base portion B includes a second insulating base 30, and
conductor wires 31 and 32 on a back surface of the second
insulating base 30.

The conductor wire 31 includes an electrode portion 31a
and an external connection terminal 315. The electrode
portion 31a of the conductor wire 31 1s soldered (electrically
and mechanically connected) to the first end 135a of the
antenna pattern 135 on a planar surface. The conductor wire
32 includes an electrode portion 32a and an external con-
nection terminal 32b. The electrode portion 32aq of the
conductor wire 32 1s soldered (electrically and mechanically
connected) to the second end 1556 of the antenna pattern 15
on a planar surface.

The first insulating base 10 and the second insulating base
30 are preferably made of polyimide resin. However, any
other material, for example, liquid crystal polymer or the
like may be used for the bases 10 and 30. In a planar view,
the second insulating base 30 1s elongated and protrudes
outward from the first insulating base 10. The second
insulating base portion B 1s more flexible than the first
insulating base portion A. In a case where the first insulating
base 10 and the second insulating base 30 are made of the
same material, stress due to a difference i1n coeflicient of
thermal expansion 1s unlikely to occur at the connection
portion between the bases 10 and 30.

The antenna pattern 135, and the conductor wires 31 and 32
are formed preferably by etching copper foils formed on the
bases 10 and 30, respectively. However, any other method
may be used to form the antenna pattern 15, and the
conductor wires 31 and 32.

The msulating adhesive layer 20 1s configured to isulate
the antenna pattern 15 from the conductor wire 32, which
crosses the antenna pattern 15 1n a planar view, so as to
prevent short circuiting. The insulating adhesive layer 20
preferably 1s preliminarily formed by pattern printing on the
first 1insulating base 10, on which the antenna pattern 15 1s
formed, or on the back surface of the second insulating base
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30, on which the conductor wires 31 and 32 are formed.
Alternatively, the insulating adhesive layer 20 may be an
adhesive sheet stuck on the insulating base 10 or 30. The
insulating adhesive layer 20 1s also used to bond the ferrite
sheet 25 to the first insulating base 10.

The second insulating base 30 1s bonded onto the first
insulating base 10 via the mnsulating adhesive layer 20. Then,
the first end 15a¢ and the second end 156 of the antenna
pattern 15 are soldered to the electrode portion 31a of the
conductor wire 31 and to the electrode portion 32a of the
conductor wire 32, respectively, through cuts 20a and 20c
made 1n the msulating adhesive layer 20 and a cut 25 made
in the ferrite sheet 235 (see solder 40 1n FIGS. 2A and 2B).
The insulating adhesive layer 20 includes a bridge 206 1n the
cut 20a so as to msulate the electrode portions 31a and 32a
from each other.

The 1sulating adhesive layer 20 including the cuts 20a
and 20c¢ preferably are formed by pattern printing, for
example. Alternatively, an adhesive sheet with the cuts 20a
and 20c¢ preliminarily made therein may be used as the
insulating adhesive layer 20. During a heating process such
as a retlow soldering process, the msulating adhesive sheet
20 1s slightly pressed to be bonded onto the first mnsulating
base 10. The msulating adhesive layer 20 tflows due to the
heat. In this moment, the bridge 2056 for 1nsulation tlows to
cover a portion of the antenna pattern 15 and to come nto
a space between the first end 15q and the second end 1556 of
the antenna pattern 15, 1n a planar view, on the first insu-
lating base 10. Due to the bridge 205, a short circuit of the
antenna pattern 15 by the conductor wire 32 1s prevented.

In the antenna device 1 having the structure above, the
first and the second ends 15a and 155 of the antenna pattern
15 provided on the main surface of the first insulating base
10 are electrically and mechanically connected to the elec-
trode portions 31a and 324 of the conductor wires 31 and 32,
respectively, on a planar surface. Therefore, 1t 15 not neces-
sary to use via-hole conductors, and 1t 1s easy to manufacture
the antenna device 1. Although the second insulating base
portion B protrudes from the first insulating base portion A,
only simple wiring 1s required because the second insulating
base portion B has an excellent tlexibility.

The cut 25a of the ferrite sheet 25 allows a bond of the
first insulating base 10 and the second 1nsulating base 30 to
cach other. Specifically, through the cut 25a of the ferrite
sheet 25 and the cuts 20aq and 20c¢ of the insulating adhesive
layer 20, the first and the second ends 15a and 156 of the
antenna pattern 15 are exposed to outside. The ferrite sheet
25 prevents leakage of a magnetic field generated from the
antenna pattern 15 and strengthens magnetic coupling so
that external magnetic waves and high-frequency signals are
suitably input to the antenna pattern 15. Especially both
sides of the cut 23a of the ferrite sheet 25 prevent leakage
of the magnetic field radiated from the antenna pattern 15.

When a metal object 1s put close to the antenna pattern 15,
an eddy current occurs on the metal object due to the
magnetic field radiated from the antenna pattern 15, and
thus, the energy of the antenna pattern 15 may be weakened.
According to this preferred embodiment, however, the pro-
vision of the ferrite sheet 25 significantly reduces or pre-
vents such an energy loss. This effect of reducing the energy
loss 1s made stronger by adding a magnetic material, for
example, a magnetic powder to the material of the mnsulating
adhesive layer 20.

Exemplary materials and thicknesses of the components
of the antenna device 1 are described with reference to
FIGS. 2A and 2B. FIGS. 2A and 2B are sectional views of

the antenna device 1 along the line X-X indicated in FIG. 1,
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and 1llustrates the relation of connection 1 an easy-to-
understand manner. The sectional views 1llustrated 1n FIGS.
2 through 11 are along the same line.

The first 1insulating base 10 preferably 1s made of poly-
imide resin, and the thickness D1 thereof 1s preferably
within a range from about 10 um to about 15 um, for
example. The antenna pattern 15 preferably 1s made of a
copper foil, and the thickness D2 thereof preferably 1s within
a range ifrom about 15 um to about 35 um, for example. The
insulating adhesive layer 20 i1s preferably made of epoxy
resin, and the thickness D3 thereof 1s preferably within a
range from about 25 um to about 45 um, for example. The
territe sheet 25 preferably 1s a sintered body of a Ni—Z7n-
based material, and the thickness D4 thereol preferably 1s
within a range from about 100 um to about 150 um, for
example. The second insulating base 30 1s preferably made
of polyimide resin, and the thickness D5 thereof preferably
1s within a range from about 50 um to about 100 um, for
example. The conductor wires 31 and 32 are preferably
made of a copper foil, and the thickness D6 thereof prefer-
ably 1s within a range from about 10 um to about 20 um, for
example. The solder 40 1s preliminarily coated on the
conductor wires 31 and 32, and the thickness D7 thereof
preferably 1s within a range from about 10 um to about 30
um, for example.

More specifically, in this preferred embodiment, the thick-
nesses D1 through D7 pretferably are as follows. The thick-
ness D1 of the first insulating base 10 preferably 1s about 10
um, and the thickness D2 of the antenna pattern 15 prefer-
ably 1s about 20 um, for example. The thickness D3 of the
insulating adhesive layer 20 preferably 1s about 30 um, and
the thickness D4 of the ferrite sheet 25 preferably 1s about
120 um, for example. The thickness D35 of the second
insulating base 30 preferably 1s about 100 um, and the
thicknesses of the conductor wires 31 and 32 are about 16
um, for example. The thickness D7 of the solder 40 prefer-
ably 1s about 10 um, for example. In the structure having the
thicknesses, the second insulating base portion B 1s more
flexible than the first insulating base portion A. The thick-
nesses of the components seen 1n the sectional views in
FIGS. 2A, 2B and 3 are not necessarily consistent with the
values above.

It 1s preferred that the thickness D3 of the insulating
adhesive layer 20 1s smaller than the thickness D4 of the
ferrite sheet 25. When the thickness D3 of the insulating
adhesive layer 20 1s small, it 1s easy to bond the conductor
wires 31 and 32 to the pattern 15 by the solder 40 with the
insulating adhesive layer 20 held between. Also, 1t 15 pre-
terred that the thickness D3 of the insulating adhesive layer
20 1s greater than the thickness D2 of the antenna pattern 15.
With this arrangement, an undesired electrical connection
(short circuit) between the antenna pattern 15 and the
conductor wire 31 or 32 1s prevented.

It 1s preferred that the thickness D1 of the first insulating,
base 10 1s smaller than the thickness D2 of the antenna
pattern 15. With this arrangement, 1t 1s possible to reduce the
thickness of the antenna device 1 as a whole while reducing
the conductor loss.

As seen 1 FIG. 3, a cross section (a section cut 1n the
widthwise direction) of the antenna pattern 15 preferably has
a trapezoidal shape with a greater lower base and a smaller
upper base. Retlow soldering by use of the solder 40 1s
carried out while the first insulating base portion A and the
second insulating base portion B are pressed in the thickness
direction with the sulating adhesive layer 20 placed
between the portions A and B. In this moment, the pressure
of the flowing insulating adhesive layer 20 acts on the
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pattern 15 1n the directions indicated by arrows 1n FIG. 3. IT
the cross-sectional shape of the pattern 15 1s rectangular, the
pattern 15 will block the flow of the adhesive layer 20, and
the pressure of the flowing adhesive layer 20 will act
strongly on the pattern 15, such that the pattern 15 may come
ofl from the first mnsulating base 10.

In a case where the cross-sectional shape of the antenna
pattern 15 1s trapezoidal, the pitch P of the upper surface of
the spiral antenna pattern 15 1s wider. Thus, the fluidity of
the adhesive layer 20 becomes greater, and the pressure
applied on the pattern 15 1s weakened. Accordingly, it 1s
unlikely that the pattern 15 comes off from the first mnsulat-
ing base 10. The greater fluidity of the adhesive layer 20
results 1n good connection by the solder 40. In order to
prevent detachment of the pattern 15 from the first insulating
base 10 due to the pressure of the flowing adhesive layer 20,
it 1s also possible to increase the surface roughness of the
surface of the antenna pattern 15 1n contact with the first
insulating base 10 (that 1s, the lower surface of the antenna
pattern 15). The increase in the surface roughness of the
surface of the antenna pattern 15 1n contact with the first
insulating base 10 increases the joint strength between the
base 10 and the pattern 15. The increase 1n the pitch P of the
upper surface of the antenna pattern 135 causes an increase in
the conductor spacing, and this reduces energy loss caused
by line capacity.

It 1s possible to form the antenna pattern 15 into a
trapezoidal cross-sectional shape, for example, by adjusting
the etching speed during an etching process to form the
antenna pattern 15.

A non-limiting example of a method of manufacturing
will now be described. First, as 1llustrated 1n FI1G. 4, antenna
patterns 15 are formed 1n a matrix on a large mother sheet
51, and pairs of conductor wires 31 and 32 are formed 1n a
matrix on a large mother sheet 52. The mother sheet 51 1s cut
into a plurality of first insulating bases 10 such that each of
the first insulating bases 10 includes an antenna pattern 15,
and the mother sheet 52 1s cut into a plurality of second
insulating bases 30 such that each of the second insulating
bases 20 1ncludes a pair of conductor wires 31 and 32. Each
one of the bases 30 1s laminated and bonded to each one of
the bases 10 via the insulating adhesive layer 20 with the
cuts 20aq and 20c¢ made therein and the ferrite sheet 25 with
the cut 254 made therein. In this way, a large number of
bases 10 and a large number of bases 30 can be obtained at
one time.

The antenna pattern 15 may be connected to the conductor
wires 31 and 32 as illustrated i FIG. 5. Specifically, the
second 1nsulating base 30 may be located on a corner portion
of the first insulating base 10. Also, 1t 1s possible to connect
the antenna pattern 15 to the conductor wires 31 and 32 as
illustrated in FIG. 6. Specifically, the second insulating base
30 may be located on the upper half in FIG. 6 of the first
insulating base 10 such that the second insulating base 30
will not protrude outward from the first mnsulating base 10.

In either of the connection configurations illustrated in
FIGS. 5 and 6, electrical and mechanical connections on a
planar surface between the first end 15a of the antenna
pattern 15 and the electrode portion 31a of the conductor
wire 31 and between the second end 156 of the antenna
pattern 15 and the electrode portion 32a of the conductor
wire 32 are attained without causing a short circuit.

Referring to FIG. 7, a first exemplary communication
terminal apparatus 61 including the antenna device 1 1s
described. The communication terminal apparatus 61 1s, for
example, a cell phone, and the antenna device 1 1s stuck to
the bottom of a case 65 via an adhesive layer 66. The second
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insulating base 30 1s folded back 180 degrees, and the
terminals 315 and 3256 of the conductor wires 31 and 32 are
clectrically connected via solder 71 to a matching element
(capacitor) 72 mounted on a printed wiring board 70.
Further, a noise filter 73 and other elements are mounted on
the printed wiring board 70.

As 1llustrated 1n FIG. 8, a circuit 1n the connection portion
of the communication terminal apparatus 61 includes a noise
filter section 81 connected to an IC 80, and a matching
section 82. The antenna device 1 1s connected to the match-
ing section 82. The conductor wire 31 1s used for connection
to the matching section 82, and the conductor wire 32 1s used
for connection to a ground.

Second Preferred Embodiment

As 1llustrated 1n FIG. 9, 1n an antenna device 2 according
to a second preferred embodiment of the present invention,
the second insulating base 30 1s relatively thick and plastic,
and 1s folded back by plastic deformation at or substantially
at the center. The antenna device 2 1s connected to a printed
wiring board 1n a communication terminal apparatus 1n a
similar manner as illustrated in FIG. 7 although the connec-
tion between the antenna device 2 and the printed wiring
board 1s not 1llustrated 1n the drawings.

In a second exemplary communication terminal apparatus
62, the antenna device 1 has the first and the second
insulating bases 10 and 30 connected to each other 1n the
configuration illustrated 1in FIG. 6. As 1llustrated in FIG. 10,
in the second exemplary communication terminal apparatus
62, the second 1nsulating base 30 1s folded back immediately
above the first insulating base 10, and the terminals 315 and
326 of the conductor wires 31 and 32 are connected via
solder 71 to a matching element on a printed wiring board
70. In this example, the folded-back second insulating base
30 does not protrude from the outside edge of the first
insulating base 10, and the antenna device 1 1s smaller.

In a third exemplary communication terminal apparatus
63, the antenna device 1 has the first and the second
insulating bases 10 and 30 connected to each other 1n the
configuration illustrated in FIG. 6. In the communication
terminal apparatus 63, as illustrated in FIG. 11, the end
portion of the second msulating base 30 where the terminals
315 and 3256 of the conductor wires 31 and 32 are located 1s
lifted up, and the terminals 316 and 326 of the conductor
wires 31 and 32 are connected via solder 71 to an upper
surface of the printed wiring board 70 so as to be connected
to a matching element mounted on the printed wiring board
70. The printed wiring board 70 1s supported by a support
member (not indicated 1n the drawings) and 1s maintained in
a position to overlap with the first insulating base 10 1n a
planar view.

Third Preterred Embodiment

As 1llustrated 1n FIG. 12, 1n an antenna device 3 according
to a third preferred embodiment of the present invention, the

second 1sulating base 30 1s bifurcated, and the end portion
of the second 1nsulating base 30 where the terminals 316 and
32b of the conductor wires 31 and 32 are located 1s slightly
lifted up. (The conductor wires 31 and 32 are not seen 1n
FIG. 12 because the conductor wires 31 and 32 are provided
on the back surface of the second insulating base 30.) The
conductor wires 31 and 32 are connected to a printed wiring
board in a similar manner as illustrated in FIG. 11.

Fourth Preterred Embodiment

As 1llustrated 1n FIG. 13, 1n an antenna device 4 according
to a fourth preferred embodiment of the present invention,
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the second 1nsulating base 30 1s folded at a plurality of points
so as to include a coil-shaped portion, and the coil-shaped
portion 1s gradually lifted up. In this antenna device 4, the
second 1nsulating base 30 has high elastic deformability 1n
the thickness direction. Accordingly, stress concentration on
the connection portions where the respective electrode por-
tions 31a and 315 of the conductor wires 31 and 32 are
connected to the antenna pattern 15 1s effectively prevented,
and the second 1nsulating base 30 1s hard to break. The same
holds true for the antenna device 3.

Some examples of reinforcement of the connection por-
tions between the conductor wire 31 and the antenna pattern
15 and between the conductor wire 32 and the antenna
pattern 15 will be described below.

As 1llustrated 1n FIG. 14A, through holes 81 are made 1n
the second insulating base 30, at the locations of the con-
ductor wires 31 and 32. Thus, as illustrated in FIG. 14B,
solder 40 1s filled up 1n the through holes 81. Consequently,
the connection portions between the conductor wire 31 and
the antenna pattern 15 and between the conductor wire 32
and the antenna pattern 15 are reinforced.

The through holes 81 can be formed, for example, by a
process as 1llustrated in FIGS. 15A through 15D. Metal films
are formed on the upper surface and the lower surface of the
base 30 (see FIG. 15A), and holes 83 are made (see FIG.
15B). Next, the inner surfaces of the holes 83 and the metal
films 82 are coated with films 84 by electroless plating (see
FIG. 15C). Further, the films 84 are coated with films 85 by
clectrolytic plating (see FIG. 15D).

The through holes 81 do not always need to have con-
ductors (films 84 and 85) on their respective inner surfaces,
and 1t may be suflicient to only form holes 83. In other
words, as long as melted solder 40 can be filled up 1n the
holes 83, 1t 1s not necessary to form conductors on the
respective inner surfaces of the holes 83.

In a second example of reinforcement, as illustrated in
FI1G. 16, after the conductor wires 31 and 32 are connected
to the antenna pattern 15, the connection portions are
covered with a resin material 86. The resin material 86
functions as a reinforcing member. The resin material 86
may be the same matenal as the insulating adhesive layer 20.

A third example of reinforcement 1s a modification of the
second example of reinforcement. As 1llustrated 1n FIG. 17,
in the third example, the end portion of the insulating base
30 1s stepped (see portion 34 1n FI1G. 17), and the stepped end
portion 34 1s covered with a resin material 86. Further, the
lower surface of the first insulating base 10 1s covered with
the resin material 86. In the third example, 1t 1s preferred that
the same material as the insulating adhesive layer 20 1s used
as the resin material 86. In this case, preferably, the resin
material 86 1s applied onto the connection portions by screen
printing, potting or the like, and the resin material 86 1s
hardened by a UV radiation process, a heating process or the
like. In a case where the same material as the insulating
adhesive layer 20 1s used as the resin material 86, the
insulating adhesive layer 20 and the resin material 86 have
the same thermal expanswn coellicient, and consequently,
the risk that the resin material 86 peels off due to a change
in temperature 1s significantly reduced.

In a fourth example of reinforcement, as 1illustrated in
FIG. 18, a through hole 91 i1s made to pierce through the

second 1nsulating base 30 from the front surface to the back
surface, and the through

hole 91 1s filled with a resin material
86 for reinforcement. The through hole 91 1s formed at a
portion where the conductor wires 31 and 32 are not located.

In a fifth example of remnforcement, as illustrated 1n FIG.
19, a through hole 92 1s made to pierce through the second

10

15

20

25

30

35

40

45

50

55

60

65

14

insulating base 30 from the front surface to the back surface,
and a through hole 93 i1s made to pierce through the first

insulating base 10 and the mnsulating adhesive layer 20 from
the front surface to the back surface. The through holes 92
and 93 are filled with a resin material 86 for reinforcement.
The through holes 92 and 93 are formed at portions where
the conductor wires 31, 32 and the antenna pattern 15 are not
located. In the case of FIG. 19, the through holes 92 and 93
are located on the same axis. However, such coaxial arrange-
ment of the through holes 92 and 93 1s not always necessary.

Fifth Preferred Embodiment

As 1llustrated 1in FIG. 20, an antenna device 5 according
to a fifth preferred embodiment of the present invention
includes a first insulating base portion A and a second
isulating base portion B. The first mnsulating base portion
includes a spiral antenna pattern 15 including a first end 15a
and a second end 155, and the second 1nsulating base portion
B 1ncludes at least two conductor wires 31 and 32 provided
thereon. The conductor wires 31 and 32 are electrically
connected to the first end 154 and the second end 155,
respectively, of the antenna pattern 135. In the outermost
portion of the antenna pattern 15 and 1n one of the conductor
wires located closest to the outermost portion of the antenna
pattern 15 (the conductor wire 31 1n the case illustrated in
FIGS. 20 and 21; see the plan view of FIG. 21), currents tlow
in the same direction as indicated by arrows 1.

Between the first insulating base 10 and the second
insulating base 30, an insulating adhesive layer 20 1s pro-
vided. More specifically, the msulating adhesive layer 20 1s
provided only 1n a portion where the conductor wires 31 and
32 contact with the antenna pattern 15. In order to ensure the
clectrical connections between the electrode portion 31a of
the conductor wire 31 and the first end 154 of the antenna
pattern 15 and between the electrode portion 32a of the
conductor wire 32 and the second end 155 of the antenna
pattern 135, the insulating adhesive layer 20 includes open-
ings 20d (see solder 40 1n FIG. 22). FIG. 22 1s a sectional
view of the antenna device 5 along the line Y-Y indicated in
FIG. 21. The sectional views that will be made reference to
below are sectional views along lines in the same portion.

In the antenna device 3, the outermost portion of the spiral
antenna pattern 15 1s configured to determine the antenna
characteristics to a great degree. Since currents 1 flow 1n the
same direction 1n the outermost portion of the spiral antenna
pattern 15 and 1n the conductor wire 31 located closest to the
outermost portion of the spiral antenna pattern 15, magnetic
fields generated there are 1n the same direction as indicated
by arrows 1' in FI1G. 20. Accordingly, there 1s no risk that the
magnetic field generated from the outermost portion of the
antenna pattern 15 1s oflset by the magnetic field generated
from the conductor wire 31, and degradation of the antenna
characteristics 1s prevented.

The contact portions (the electrode portions 31a and 315)
ol the conductor wires 31 and 32 to come 1nto contact with
the antenna pattern 15 have a greater line width than the
antenna pattern 15. This arrangement allows prevention of
disconnection at the contact portions between each of the
conductor wires 31 and 32 and the antenna pattern 15, and
results 1n an 1mprovement 1n the connection reliability.

According to the fifth preferred embodiment, the second
insulating base portion B (the second insulating base 30)
does not always need to be bent when the antenna device 5
1s used. As illustrated 1in FIG. 22, the terminals 315 and 3254
of the conductor wires 31 and 32 are capable of being
connected to lands 171 on a printed wiring board 170 via
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solder 175 while the second insulating base 30 1s stretched
out. Therefore, the second sulating base 30 does not need
to have excellent flexibility.

First Modification to Fifth Preferred Embodiment

The antenna device 5 according to the fifth preferred

embodiment can be modified as illustrated in FIG. 23.
Specifically, a ferrite sheet 180 that 1s equal or substantially
equal 1n area to the insulating base 10 may be bonded to the
back surface of the first insulating base 10 via an mnsulating,
adhesive layer 181. The provision of the ferrite sheet 180 1n
the vicimity of the antenna pattern 135 allows enhancement of
the density of magnetic flux generated from the antenna
pattern 15, and consequently results 1n an improvement of
the antenna characteristics.

Second Modification to Fitth Pretferred
Embodiment

The antenna device 5 according to the fifth preferred
embodiment can be also modified as illustrated 1n FIGS. 24
and 25. Specifically, the second insulating base 30 may
include a laminate of two base plates 30a and 305. Ends of
the conductor wires 31 and 32 on the lower surface of the
base plate 30a may be connected to the terminals 315 and
32b, respectively, located on the upper surface of the base
plate 306 via mterlayer connection conductors 185. The
provision of the terminals 315 and 3256 on the upper surface
ol the base 30 allows connection of the conductor wires 31
and 32 to lands 171 on a printed wiring board 170 located
on the opposite side of the second insulating base 30 from
the first msulating base 10 without bending the second
insulating base 30. Accordingly, there 1s no risk that break-
age of the conductor wires 31 and 32 1s caused by bending
of the second insulating base 30. Also, 1t 1s possible to
connect the terminals 315 and 325 to the lands 171 easily by
applying heat to the end portions of the conductor wires 31
and 32 by use of a heater, for example, a heater bar. In this
regard, the heat 1s transferred to the terminals 316 and 325,
the solder 175 and the lands 171 via the interlayer connec-
tion conductors 185.

The interlayer connection conductors 185 are preferably
formed as follows. As 1illustrated in FIG. 26, holes are
pierced in the base plates 30aq and 305, which are made of
thermoplastic resin, and the holes are filled with conductive
paste 185q and 18355 so as to connect the conductor wire 31
to the terminal 315 and connect the conductor wire 32 to the
terminal 32b6. Thereafter, simultaneously with heating and
pressure-bonding the base plates 30a and 305 together, the
conductive paste 185a and 18556 1s solidified. Thus, the
conductive paste 185a and 1855b 1s joined and electrically
conducted together, and the interlayer connection conduc-
tors 185 are formed. The interlayer connection conductors
185 may be through holes 81 that can be formed by the
process illustrated in FIGS. 15A-15D. However, 1n a case
where the interlayer connection conductors 185 are via-
holes formed by the process illustrated by FIG. 26, 1t 1s not
necessary to carry out plating, which 1s needed 1n the process
of forming a through hole, and the manufacturing process 1s
simplified.

Third Modification to Fifth Preferred Embodiment

The antenna device 5 according to the fifth preferred
embodiment can be also modified as illustrated 1n FIG. 27.

The conductor wires 31 and 32 may be provided on the
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upper surface of the second insulating base 30, and ends of
the conductor wires 31 and 32 may be connected to the
clectrode portions 31a and 32a, respectively, via interlayer
connection conductors 186. On the upper surface of the
insulating base 30, a resist layer 190 1s provided.

Fourth Modification to Fifth Prefterred Embodiment

The antenna device 3§ according to the fifth preferred
embodiment can be also modified as 1llustrated in FIG. 28.
The second 1nsulating base 30 may be a laminate of base
plates 30a and 30b4. The conductor wires 31 and 32 are
provided on the upper surface of the base plate 30a. Ends of
the conductor wires 31 and are connected to the electrode
portions 31a and 32a, respectively, provided on the lower
surface of the base plate 30a via interlayer connection
conductors 186, and the other ends of the conductor wires 31
and 32 are connected to the terminals 315 and 325, respec-
tively, provided on the upper surface of the base plate 3056
via iterlayer connection conductors 185. The electrode
portions 31a and 315 are connected to the first end 15q and
the second end 1554, respectively, of the antenna pattern 15
via solder 40, and the terminals 316 and 3254 are connected
to lands 171 on a printed wiring board 170 via solder 175.

Sixth Preferred Embodiment

In an antenna device 6 according to a sixth preferred
embodiment, as 1llustrated 1n FIG. 29, the conductor wires
31 and 32 are arranged in the second insulating base portion
B so as to overlap with each other 1n the thickness direction
(in a planar view). Specifically, the conductor wire 31 1s
provided on the base plate 30q, and the conductor wire 32
1s provided on the base plate 305. Further, a resist layer 190
1s provided on the base plate 30b. As illustrated 1n FIG. 30,
an end of the conductor wire 31 1s connected to the electrode
portion 31a provided on the lower surface of the base plate
30a via an mterlayer connection conductor 186. An end of
the conductor wire 32 1s connected to the electrode portion
32a provided on the lower surface of the base plate 30a via
an interlayer connection conductor although it 1s not 1llus-
trated 1n FIG. 30. The other end of the conductor wire 31 1s
connected to the terminal 315 provided on the upper surface
ol the base plate 305 via an interlayer connection conductor
185 provided in the base plate 305.

The other portions of the sixth preferred embodiment
preferably have the same structure as the fifth preferred
embodiment and the modifications thereto. In the structure,
as described in connection with the fifth preferred embodi-
ment, 1n the outermost portion of the antenna pattern 135 and
in the conductor wire 31 located closest to the outermost
portion of the antenna pattern 15, currents tlow in the same
direction as indicated by arrows 1. Accordingly, there 1s no
risk that a magnetic field generated from the outermost
portion of the antenna pattern 13 1s ofiset by a magnetic field
generated from the conductor wire 31, and degradation of
the antenna characteristics 1s prevented.

Antenna Device According to Seventh Preferred Embodi-
ment

As 1llustrated 1n FIG. 31, an antenna device 7 according
to a seventh preferred embodiment includes a first insulating,
base portion A, a second insulating base portion B, and a
magnetic member (ferrite sheet 235) provided between the
first insulating base portion A and the second insulating base
portion B. The first mnsulating base portion includes a spiral
antenna pattern 15 including a first end 154 and a second end
1556, and the second insulating base portion B includes at
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least two conductor wires 31 and 32 provided thereon. In the
antenna device 7 according to the seventh preferred embodi-
ment, the antenna pattern 15 spirals on the first insulating,
base 10 1n a direction opposite to those of the antenna
devices according to the preferred embodiments above. The
two conductor wires 31 and 32 are electrically connected to
the first end 15a and the second end 1355, respectively, of the
antenna pattern 15. In the outermost portion of the antenna
pattern 15 and 1n one of the conductor wires that 1s located
closest to the outermost portion of the antenna pattern 135
(the conductor wire 31 in the case 1llustrated in FIGS. 31 and
32; see the plan view of FIG. 32), currents tlow 1n opposite
directions as indicated by arrows 1 and g.

Further, an insulating adhesive layer 20 1s provided
between the first insulating base 10 and the ferrite sheet 25.
More specifically, the ferrite sheet 25 and the insulating
adhesive layer 20 are equal or substantially equal in area to
the first msulating base 10. In order to ensure electrical
connections between the electrode portion 31a of the con-
ductor wire 31 and the first end 15a of the antenna pattern
15 and between the electrode portion 32a of the conductor
wire 32 and the first end 155 of the antenna pattern 15 (see
solder 40 1 FIG. 33), the insulating adhesive layer 20
includes openings 20d4. For the same purpose, the ferrite
sheet 25 includes a cut 25a.

In the antenna device 7, the magnetic member (ferrite
sheet 25) 1s provided 1n the vicinity of the antenna pattern
15, and therefore, the magnetic field around the antenna
pattern 15 1s strengthened. Also, 1n the outermost portion of
the antenna pattern 15 and 1n one of the conductor wires that
1s located closest to the outermost portion of the antenna
pattern 15 (the conductor wire 31 1n the case 1illustrated in
FIGS. 31 and 32; see the plan view of FIG. 32), currents 1
and g flow 1n opposite directions, and therefore, a magnetic
field I' generated from the outermost portion of the antenna
pattern 15 and a magnetic field ¢ generated from the
conductor wire 31 located closest to the outermost portion of
the antenna pattern 15 are in the same direction inside the
magnetic member (ferrite sheet 25) and are not offset by
cach other. Accordingly, degradation of the antenna charac-
teristics 1s prevented. Further, the antenna device 7 accord-
ing to the seventh preferred embodiment has the same eflects
as the antenna device 5 according to the fifth preferred

embodiment.

First Modification to Seventh Preferred
Embodiment

The antenna device 7 according to the seventh preferred
embodiment can be modified as illustrated in FIG. 34.
Specifically, ends of the conductor wires 31 and 32 on the
lower surface of the second insulating base 30 may be
connected to the terminals 315 and 325, respectively, on the
upper surface of the insulating base 30 via interlayer con-
nection conductors 183. The provision of the terminals 315
and 325 on the upper surface of the imnsulating base 30 allows
connection of the terminals 315 and 325 to lands 171 on a
printed wiring board 170 located on the opposite side of the
second 1nsulating base 30 from the {first insulating base 10
via solder 175 without bending the second insulating base
30. Accordingly, there 1s no risk that breakage of the
conductor wires 31 and 32 1s caused by bending of the
second 1nsulating base 30.

Second Modification to Seventh Preterred
Embodiment

The antenna device 7 according to the seventh preferred
embodiment can be also modified as illustrated 1n FIG. 35.
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In the modification illustrated in FIG. 35, the conductor
wires 31 and 32 are provided on the upper surface of the
second insulating base 30, and ends of the conductor wires
31 and 32 are connected to the electrode portions 31a and

32a, respectively, via iterlayer connection conductors 186.

On the upper surface of the insulating base 30, a resist layer
190 1s provided.

Third Modification to Seventh Preferred
Embodiment

The antenna device 7 according to the seventh preferred
embodiment can be also modified as 1llustrated in FIG. 36.
In the modification illustrated in FIG. 36, the second 1nsu-
lating base 30 preferably includes a laminate of base plates
30a and 30b. The conductor wires 31 and 32 are provided on
the upper surface of the base 30a. Ends of the conductor
wires 31 and 32 are connected to the electrode portions 31a
and 32a provided on the lower surface of the base plate 30aq,
respectively, via mterlayer connection conductors 186, and
the other ends of the conductor wires 31 and 32 are con-
nected to the terminals 315 and 3256 on the upper surface of
the base plate 305, respectively, via interlayer connection
conductors 185. The electrode portions 31a and 315 are
connected to the ends 154 and 1554, respectively, of the
antenna pattern 15 via solder 40. The terminals 315 and 325

are connected to lands 171 on a printed wiring board 170 via
solder 175.

Fourth Modification to Seventh Preterred
Embodiment

The antenna device 7 according to the seventh preferred
embodiment can be also modified as illustrated 1n FIG. 37.
In the modification illustrated in FIG. 37, the second 1nsu-
lating base 30 preferably is a three-layered base (a laminate
of base plates 30a, 305 and 30c¢). Specifically, on the base
plate 305 1llustrated 1n FIG. 36, further, another base plate
30c¢ 1s laminated. From an end of the conductor wire 31,
terminal portions 315 and 315' are led out to the lower
surface and the upper surface, respectively, of the second
insulating base 30 via an interlayer connection conductor
185. From an end of the conductor wire 32, terminal portions
326 and 325" are led out to the lower surface and the upper
surface, respectively, of the second 1nsulating base 30 via an
interlayer connection conductor 185. The terminals 315 and
326 are connected to lands 171 on a printed wiring board
170 via solder 175. It 1s possible to solder the terminals 315
and 3256 to the lands 171 easily by applying heat to the
terminal portions 315" and 325' by use of a heater bar. In this
regard, the heat 1s transferred to the terminals 316 and 325,
the solder 175 and the lands 171 via the interlayer connec-
tion conductors 183.

The portion of the second 1nsulating base 30 at and around
the connection portions between the antenna pattern 15 and
the conductor wires 31 and 32 includes a smaller number of
layers and 1s thinner than the portion where the terminals
3156 and 325 are located. The thinner portion 1s more flexible
and 1s easy to bend, and therefore, breakage of the conductor
wires 31 and 32 prevented. The second msulating base 30 1s
multilayered (three-layered in this modification), and the
conductor wires 31 and 32 are located between the layers.
With this arrangement, the conductor wires 31 and 32 is
protected eflectively.

The second msulating base portion B 1s thinner than the
first 1nsulating base portion A. The first nsulating base
portion A includes a first msulating base 10, an antenna
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pattern 15 provided on a main surface of the first insulating,
base 10, an insulating adhesive layer 20 and a magnetic

sheet 25. The second insulating base portion B includes the
second insulating base 30 (30a, 300 and 30c¢), and the
conductor wires 31 and 32 provided 1n the second insulating
base 30. The first insulating base 10 1s thinner (has a smaller
thickness) than the second insulating base 30. Accordingly,
the second 1nsulating base portion B 1s more flexible than the
first insulating base portion A, and the second insulating
base portion B 1s easier to bend. Also, since the first
insulating base 10 including the antenna pattern 15 1s thin,
the distance between the antenna pattern 15 and a commu-
nicating counterpart, such as an antenna, located on the side
of the first insulating base portion A 1s short, and the antenna
device 7 has good communication performance. The flexible
first mnsulating base 10 1s easy to follow the shape of an
article, for example, a case to which the antenna device 7 1s
attached (to which the first insulating base 10 of the antenna
device 7 1s bonded). Moreover, there 1s no risk that the
conductor wires 31 and 32 are displaced and/or broken.

Fifth Modification to Seventh Preterred
Embodiment

The antenna device 7 according to the seventh preferred
embodiment can be also modified as illustrated 1n FIGS. 38
and 39. In the modification illustrated 1n FIGS. 38 and 39,
at and around the contact portions where the antenna pattern
15 1s connected to the conductor wires 31 and 32, a ferrite
sheet 192 1s stuck on the upper surface of the second
insulating base 30 via an insulating adhesive layer 191. With
this arrangement, the connection between the antenna pat-
tern 15 and each of the conductor wires 31 and 32 i1s secured.
Also, the ferrite sheet 192 1s located over the cut 254 of the
territe sheet 25, and the magnetic field of the whole antenna
pattern 135 1s strengthened.

Antenna Device According to Eighth Preferred Embodiment

In an antenna device 8 according to an eighth preferred
embodiment of the present invention, as illustrated 1n FIG.
40, the conductor wires 31 and 32 are arranged 1n the second
insulating base portion B so as to overlap with each other 1n
the thickness direction (in a planar view). Specifically, the
conductor wire 31 1s provided on the base plate 30a, and the
conductor wire 32 1s provided on the base plate 305. Further,
a resist layer 190 1s provided on the base plate 305 so as to
cover the conductor wire 32. As 1llustrated in FIG. 41, an end
of the conductor wire 31 1s connected to the electrode
portion 31a located on the lower surface of the base plate
30a via an mterlayer connection conductor 186. An end of
the conductor wire 32 1s connected to the electrode portion
(32a) located on the lower surface of the base plate 30a via
an interlayer connection conductor although 1t 1s not 1llus-
trated 1n FIG. 41. The other end of the conductor wire 31 1s
connected to the terminal 315 located on the upper surface
ol the base plate 305 via an 1nterlayer connection conductor
185 formed in the base plate 305.

The other portions of the eighth preferred embodiment
preferably have the same structure as the seventh preferred
embodiment and the modifications thereto. In the structure,
as described in connection with the seventh preferred
embodiment, 1n the outermost portion of the antenna pattern
15 and 1n the conductor wire 31 located closest to the
outermost portion of the antenna pattern 15, currents flow 1n
opposite directions as indicated by arrows 1 and g. There-
fore, a magnetic field generated from the outermost portion
of the antenna pattern 15 and a magnetic field generated
from the conductor wire 31 located closest to the outermost
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portion of the antenna pattern 15 are 1n the same direction
inside the magnetic member (ferrite sheet 25) and are not
oflset by each other. Therefore, degradation of the antenna
characteristics 1s prevented. Further, the antenna device 8
according to the eighth preferred embodiment has the same
cllects as the antenna devices 5 and 7 according to the fifth
and the seventh preferred embodiments.

In the following, some preferred examples of the position/
configuration of the ferrite sintered body 1s described. FIGS.
42 and 43 illustrate a first example, which 1ncludes a first
insulating base portion A including a spiral antenna pattern
15 having a first end 154 and a second end 155, a second
insulating base portion B including at least two conductor
wires 31 and 32, and a magnetic member 200 provided
between the first insulating portion A and the second 1nsu-
lating portion B.

The conductor wires 31 and 32 are electrically connected
to the first end 15¢q and the second end 155, respectively, of
the antenna pattern 15. The magnetic member 200 includes
a sintered body 201 of a magnetic material and a supporting
sheet 202 stuck on the sintered body 201. The sintered body
201 1s located on the side of the first insulating base portion
A, and the supporting sheet 202 1s located on the side of the
second insulating portion B. Resin, such as polyethylene
terephthalate, polyethylene naphthalate, polyimide, etc. may
preferably be used as the matenal of the supporting sheet
202.

The sintered body 201 1s preferably made of a magnetic
material such as N1—Zn-based ferrite or the like, and breaks
casily. Therefore, 1n order to prevent breakage of the sintered
body 201, the supporting sheet 202 1s bonded to the sintered
body 201 by an adhesive (not shown). Since the sintered
body 201 1s located on the side of the first insulating base
portion A (that 1s, on the side of the antenna pattern 15), the
magnetic flux density of the antenna pattern 15 1s height-
ened, and the antenna characteristics are improved. Also,
since the supporting sheet 202 1s located on the side of the
second 1nsulating base portion B, the magnetic permeability
therearound 1s lowered, and the magnetic fields generated
from the conductor wires 31 and 32 are prevented from
interfering with the antenna pattern 15.

An antenna device includes a first insulating base portion
including a spiral antenna pattern including a first end and a
second end, a second insulating base portion including at
least two conductor wires, and a sintered body of a magnetic
material provided between the first mnsulating portion and
the second insulating portion. The two conductor wires are
clectrically connected to the first end and the second end,
respectively, of the antenna pattern. In the sintered body,
slits may be provided 1n a matrix such that, 1n areas near the
antenna pattern, the slits extend parallel or substantially
parallel to the directions of magnetic fluxes generated from
the antenna pattern.

Since the magnetic sintered body breaks easily, the slits
may be formed 1n a matrix preliminarily. In this regard, if the
slits extend parallel or substantially parallel to the straight
portions of the antenna pattern in an area near the antenna
pattern, the slits block the magnetic fluxes generated from
the antenna pattern, and the magnetic permeability 15 low-
ered. In order to prevent this problem, as illustrated in FIG.
44, the slits 201q are formed 1n the sintered body 201 in a
matrix so as to extend 1n directions 1' parallel or substantially
parallel to the directions of magnetic fluxes generated from
the antenna pattern 15. With this arrangement, there 1s no
risk that the slits 201a block the magnetic fluxes generated
from (the straight portions) of the antenna pattern 13, and a
reduction 1n the magnetic permeability 1s prevented.
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The slits 201a may be pierced m the sintered body 201
from the front main surface to the back main surface.

Alternatively, the slits 201a do not need to be pierced 1n the
sintered body 201 and may be provided on either the front
main surface or the back main surface of the sintered body

201.

An antenna device includes a first insulating base portion
including a spiral antenna pattern including a first end and a
second end, a second insulating base portion including at
least two conductor wires, and a sintered body of a magnetic
material provided between the first mnsulating portion and
the second 1nsulating portion. The two conductor wires are
clectrically connected to the first end and the second end,
respectively, of the antenna pattern. Slits may be provided in
a matrix in the sintered body except for areas near the

antenna pattern.
As 1llustrated 1n FI1G. 458, when the sintered body 201 1s

bonded to the insulating base 10 including the antenna
pattern 15 thereon, the slits 201 may be forced to become
wider, thus resulting in a change 1n the magnetic permeabil-
ity. In the third example, however, no slits 201a are provided

in areas near the antenna pattern 15 as illustrated 1n FIG.
45A. Therefore, there 1s no risk that the shits 201a are

widened 1n areas near the antenna pattern 135, and a reduction
in the magnetic permeability 1s prevented.

Other Prefterred Embodiments

Antenna devices and communication terminal appara-
tuses according to the present invention are not limited to the
preferred embodiments above, and various changes and
modifications are possible within the scope of the present
invention.

For example, the ferrite sheet as the magnetic sheet 1s not
indispensable. Instead of the insulating adhesive layer, a
non-adhesive msulating layer may be provided. In this case,
the non-adhesive msulating layer does not always need to
cover the entire upper surface of the first insulating base. The
non-adhesive insulating layer only needs to have at least a
portion corresponding to the bridge 206 for insulation (see
FIG. 1), that 1s, a portion covering the area between the first
end and the second end of the antenna pattern 1n a planar
VIEW.

In a case where the ferrite sheet and the insulating
adhesive layer are not provided, 1t 1s preferred that the first
insulating base 1s thicker than the second 1nsulating base. If
the first insulating base 1s thinner than the second nsulating,
base, the first insulating base deforms relatively easily, and
the characteristics of the antenna pattern and/or other ele-
ments are likely to change. For example, when the thickness
of the second 1nsulating base 1s within a range from about 50
um to about 100 um, the thickness of the first insulating base
1s set within a range from about 60 um to about 200 um.

The detailed structures and the shapes of the antenna
pattern and the conductor wires can be designed arbitrarily.
Preferred embodiments of the present invention are appli-
cable not only to radio communication apparatuses for an
NFC system of a HF band but also to commumnication
apparatuses using other Ifrequency bands, such as UHF
bands, for example, and other communication systems.

The matenial used for connections between the first end
15a of the antenna pattern 15 and the electrode portion 31a
of the conductor wire 31 and between the second end 155 of
the antenna pattern 15 and the electrode portion 32a of the
conductor wire 32 1s not limited to solder, and a conductive
adhesive or any other conductive material can be used.
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As thus far described, preferred embodiments of the
present invention are useful in an antenna device and a
communication terminal apparatus, and preferred embodi-
ments of the present invention achieves the advantages of
manufacturing an antenna device without using wvia-hole
conductors and of requiring merely simple wiring for con-
nection to an external device.

While preferred embodiments of the present invention
have been described above, it 1s to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, 1s to be determined solely by the following claims.

What 1s claimed 1s:

1. An antenna device comprising:

a first insulating base portion including an msulating layer
and a spiral antenna pattern including a first end and a
second end; and

a second 1nsulating base portion including at least two
conductor wires; wherein

the insulating layer and the second 1nsulating base portion
are separate and independent layers;

the msulating layer 1s configured to insulate the at least
two conductor wires from the spiral antenna pattern and
1s provided between the first end and the second end of
the spiral antenna pattern in a plan view;

the at least two conductor wires include electrode portions
clectrically and mechanically connected to the first end
and the second end, respectively, of the spiral antenna
pattern by a conductive material;

the msulating layer includes a cut or an opening config-
ured such that before the conductor wires are connected
to the spiral antenna pattern, at least one of the first end
and the second end of the spiral antenna pattern is
exposed toward the conductor wires through the cut or
the opening;

the at least two conductor wires are connected to the spiral
antenna pattern by the conductive material 1n the cut or
the opening of the nsulating layer; and

the second msulating base portion 1s more flexible than
the first insulating base portion.

2. The antenna device according to claim 1, wherein the
second 1nsulating base portion protrudes outward from the
first insulating base portion in the plan view.

3. The antenna device according to claim 1, wherein the
insulating layer 1s an 1nsulating adhesive layer.

4. The antenna device according to claim 3, wherein

the first msulating base portion further includes a first
insulating base and a magnetic sheet provided on a side
of a main surface of the first insulating base; and

the spiral antenna pattern 1s provided on the main surface
of the first insulating base.

5. The antenna device according to claim 4, wherein the
insulating adhesive layer has a smaller thickness than the
magnetic sheet.

6. The antenna device according to claim 4, wherein

the magnetic sheet includes a cut 1 a portion facing the
first end and the second end of the spiral antenna
pattern; and

the first end and the second end of the spiral antenna
pattern are connected to the respective electrode por-
tions of the at least two conductor wires by the con-
ductive material 1n the cut of the magnetic sheet.

7. The antenna device according to claim 4, wherein the

insulating adhesive layer bonds the magnetic sheet to the
first insulating base.
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8. The antenna device according to claim 1, wherein the
first insulating base has a smaller thickness than the spiral
antenna pattern.

9. The antenna device according to claam 1, wherein a
cross section of the spiral antenna pattern 1s trapezoidal.

10. The antenna device according to claim 1, wherein

the second 1nsulating base portion includes through holes;

and

solder defining the conductive material for connection

between the spiral antenna pattern and the conductor

wires 1s lilled 1n the through holes.

11. The antenna device according to claim 1, wherein at
least a portion of the second insulating base portion includ-
ing connection portions between the conductor wires and the
spiral antenna pattern 1s coated with a resin material.

12. The antenna device according to claim 11, wherein

a through hole pierces through one or both of the first

insulating base portion and the second insulating base

portion from a front surface to a back surface; and
the resin material 1s filled 1n the through hole.

13. A communication terminal apparatus comprising:

an antenna device; and

a printed wiring board; wherein

the antenna device includes:

a first insulating base portion including an insulating
layer and a spiral antenna pattern including a first
end and a second end;

a second 1nsulating base portion including at least two
conductor wires; wherein

the insulating layer and the second insulating base
portion are separate and imndependent layers;

the insulating layer 1s configured to insulate the at least
two conductor wires from the spiral antenna pattern
and 1s provided between the first end and the second
end of the spiral antenna pattern 1n a plan view;

the at least two conductor wires include electrode
portions electrically and mechanically connected to
the first end and the second end, respectively, of the
spiral antenna pattern by a conductive material;

the 1nsulating layer includes a cut or an opening, such
that, before the at least two conductor wires are
connected to the spiral antenna pattern, at least one
of the first end and the second end of the spiral
antenna pattern 1s exposed toward the at least two
conductor wires through the cut or the opening;
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the at least two conductive wires are connected to the
spiral antenna pattern by the conductive material in
the cut or the opening of the insulating layer; and
the second 1nsulating base portion 1s more flexible than
the first insulating base portion; and
the printed wiring board includes at least a noise filtering

section and a matching section; wherein

at least one of the conductor wires included in the second
insulating base portion 1s connected to the noise filter-
ing section or the matching section.

14. The communication terminal apparatus according to
claam 13, wherein the second insulating base portion 1is
tolded back to connect the spiral antenna pattern to the noise
filtering section or the matching section.

15. The communication terminal apparatus according to
claim 13, wherein the second insulating base portion pro-
trudes outward from the first insulating base portion in the
plan view.

16. The communication terminal apparatus according to
claim 13, wherein the insulating layer 1s an insulating
adhesive layer.

17. The communication terminal apparatus according to
claim 16, wherein

the first msulating base portion further includes a first

insulating base and a magnetic sheet provided on a side
of a main surface of the first insulating base; and

the spiral antenna pattern 1s provided on the main surface

of the first insulating base.

18. The communication terminal apparatus according to
claim 17, wherein the insulating adhesive layer has a smaller
thickness than the magnetic sheet.

19. The communication terminal apparatus according to
claim 17, wherein

the magnetic sheet includes a cut 1n a portion facing the

first end and the second end of the spiral antenna
pattern; and

the first end and the second end of the spiral antenna

pattern are connected to the respective electrode por-
tions of the at least two conductor wires by the con-
ductive material 1n the cut of the magnetic sheet.

20. The communication terminal apparatus according to
claim 17, wherein the insulating adhesive layer bonds the
magnetic sheet to the first insulating base.
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